berrant right coronary artery (RCA) originating from the left sinus of Valsalva is an infrequent coronary anomaly reported to occur in 0.19% 1 and 0.17% 2 of patients undergoing diagnostic coronary angiography. Several reports have described an RCA originating from the left sinus of Valsalva and then coursing between the ascending aorta and the pulmonary trunk (PT), and this anomaly has been speculated as a cause of ischemia or sudden death in the absence of obstructive coronary artery disease. [1] [2] [3] [4] [5] [6] [7] Three possibilities exist for the ischemic mechanism: the slit-like orifice of the anomalous coronary artery is compressed to the point of closure or near closure as the aorta dilates with exertion; the anomalous artery itself is compressed by the aorta and the PT as it courses between these 2 arteries, which dilate with exercise; or both of these factors. 3 The present study used 3-dimensional volume rendering (VR) images from electron-beam computed tomography (EBCT) to investigate the possible causes of ischemia from such an anomalous RCA, as well as investigated the course of the RCA. For these purposes, information on the shape of the orifice of the left main trunk, the Japanese Circulation Journal Vol. 65, June 2001 spatial relationship of the lumen and the surface of the RCA, ascending aorta and the PT, and the angle of the bend of the bifurcation of the left main trunk (angle of the left main trunk to the RCA) would be useful.
The present study evaluated the usefulness of 3-dimensional volume rendering (VR) images using electron-beam computed tomography (EBCT) in determining the possible causes of ischemia resulting from the anomalous origin of the right coronary artery (RCA) from the left sinus of Valsalva, which coursed between the ascending aorta and pulmonary trunk. Such anomalies could cause ischemia or sudden death without obstructive coronary artery disease. The suggested mechanism is either compression causing closure of the slit-like orifice of the anomalous artery as the aorta dilates with exertion or compression of the anomalous artery by the aorta and pulmonary trunk as it courses between these 2 arteries, which dilate with exercise. A 17-year-old male underwent EBCT coupled with a 100-ml intravenous injection of iodinated contrast medium. Data were reconstructed into 3-dimensional images through VR to evaluate the shape of the orifice and the spatial relationship of the RCA, ascending aorta and pulmonary trunk. Perspective VR showed the shape of the orifice of the left main trunk, which was not slit-like, and cut-plane VR showed the spatial relationship of both the lumen and the surface of the RCA, ascending aorta and pulmonary trunk, providing information on whether the ascending aorta or pulmonary trunk would compress the RCA and cause ischemia. 
Methods
The subject was a 17-year-old male who had previously undergone the Rastelli operation for the third type of transposition of the great vessels. He had experienced no ischemic episode previously. EBCT (Imatron C-150XP, Imatron, South San Francisco, CA, USA) was performed in the single-slice step volume scan (SVS) mode during breathholding over 80 mm of the proximal coronary arteries using 3 mm collimation, 2 mm table incrementation, and triggered to 80% of the electrocardiogram (ECG) R-to-R interval (end-diastolic phase). EBCT was performed in conjunction with a 100-ml intravenous injection of iodinated contrast medium (300 mgI/ml) at 2.5 ml/s with a delay time of 25 s before the acquisition of data.
The reconstruction was performed with a viewing field of 21×21 cm; as a result, the voxel size of the in-plane became 0.41×0.41 mm by a 512×512 matrix. These data were sent to a workstation (Advantage-Windows, General Electronics, Milwaukee, WI, USA) and reconstructed into 3-dimensional images through VR. showing that the surface of the RCA vessel was thicker than the lumen. The shape of the opacity and color curves was the same as in Fig 2A,B . Cut-plane volume rendering showed the transverse image of the RCA and the longitudinal image of the ascending Ao and we could observe the inside of the lumen and the structure surrounding the lumen.
Results
We obtained images without motion artifacts so the course of the RCA was able to evaluated accurately. In the axial source images, the RCA originated from the left sinus of Valsalva with the left main trunk and coursed between the ascending aorta and the PT (Fig 1) . The angle of the bend at the bifurcation of the left main trunk was sharp.
Perspective VR showed the shape of the orifice of the left main trunk, which was not slit-like, and the cut-plane VR showed the spatial relationships not only between the lumen but also the surface of the vessels among the RCA, ascending aorta and the PT (Figs 2,3) .
Discussion
Whether patients diagnosed with this anomaly will have acute ischemic episodes is difficult to predict. Clinical history, detailed angiographic study of the origin of the aberrant vessel accompanied by assessment of myocardial lactate metabolism during pacing, evaluation of coronary sinus blood flow during exercise, and response to maximal exercise testing were reported by Chaitman et al as all being of use in detecting patients predisposed to acute ischemic episodes. 1 In the present study we used EBCT because it achieves ultrafast scan speeds by sweeping a steered electron beam on a fixed tungsten target ring, thereby providing a moving X-ray source without mechanical motion. 8 EBCT acquisition is accomplished in 50 ms in the cine and flow modes or 100 ms in the SVS mode with high in-plane spatial resolution and a minimum slice thickness of 1.5 mm. 9 The SVS mode is used to define static anatomical information with matrix sizes of 512×512 with ECG gating during diastole, which minimizes blurring caused by cardiac motion. With those volumetric data, 3-dimensional images can be reconstructed by VR, which enables differences in objects to be distinguished through selection of the shape of opacity and color curves for CT numbers, and thus we could represent the structures surrounding the lumen (vessel walls and fatty tissue) as well as the vessel lumen filled with contrast medium. 10 Thus, the complex morphology of the anomalous RCA and its relationship to adjacent structures can be elucidated. 11 We used the axial source images and VR images from EBCT to evaluate the course of the RCA, the angle of the bend at the bifurcation of the left main trunk, the shape of the orifice of the left main trunk and the spatial relationships of the main vessels.
The definition of an anomalous origin of a coronary artery is made on the basis that there are no other abnormalities present, so strictly speaking the present patient did not have an anomalous origin of a coronary artery because he had undergone the Rastelli procedure for the third type of transposition of the great arteries. However, the axial source images showed that the RCA originated from the left sinus of Valsalva with the left main trunk and coursed between the ascending aorta and the PT, so our study has still demonstrated the usefulness of 3-dimensional VR images in determining the possible cause of ischemia in patients with a truly anomalous coronary artery.
Perspective VR showed the shape of the orifice of the left main trunk, which was not slit-like, and the cut-plane VR showed the spatial relationship of the vessels. Because the patient had not had an ischemic episode and there was nothing except surrounding fat to compress the RCA on the anterior thoracic side, the hypothesis of exercise-induced ischemia caused by compression from the dilated aorta or the PT seems unlikely. With that hypothesis, either the RCA must come into contact with the ascending aorta or the PT and the area of the lumen of the RCA decrease or be disturbed so that it is extended by compression or the slitlike orifice of the left main trunk must be compressed so that closure or near closure is achieved. It is more likely that the angle of the bend at the bifurcation of the left main trunk became sharper during systole, thus causing ischemia during exercise when there is increased demand for oxygen.
The evidence provided by loaded radioisotope of an ischemic mechanism is only indirect. It will not show the RCA compressed by the dilated aorta or the PT because of exercise or a drug, but only the existence of ischemia. However, if the 3-dimensional images of EBCT data are combined with VR, when the slit-like orifice of the left main trunk is compressed to closure or near closure or the RCA is compressed by the aorta or the PT, there is the possibility of direct evidence of the ischemia being caused by the anomalous origin of coronary arteries.
These EBCT data sets were taken under resting conditions, but images can be obtained just after or during exercise, or loading with drug. 12 We triggered the ECG at 80% of the R-to-R interval with a 100 ms scan time. As a result, the scan was performed at the end of diastole. Because the diameter of the thoracic aorta is maximal at end-systole and the amount of blood flow of the RCA is nearly equal during both systole and diastole, we consider that it is preferable to trigger at systole.
Recently, multislice computed tomography has become available with which retrospective ECG gated reconstruction can be achieved and which provides volume data for different cardiac phases. 13 Observation of the RCA not only in the diastolic or systolic phase but also the throughout the cardiac cycle by a retrospective gating technique would be more informative.
